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Abstract 

The U.S. Army Corps of Engineers, Walla Walla District (NWW), requested 
that the U.S. Army Engineer Research and Development Center, Coastal 
and Hydraulics Laboratory (ERDC-CHL) model the flow conditions of 
McNary Dam forebay. The different flows are produced by various 
powerhouse/spillbay operating conditions for certain river discharges. The 
flow conditions, powerhouse operation schedule, and spillbay opening 
geometry were provided by NWW. This report contains a description of the 
geometry, meshing, and the flow conditions. 

The report also describes flow solutions obtained using the commercial 
flow code Fluent. Fifteen river discharge/powerhouse/spillbay operations 
were included in the analysis. Figures of the flow velocity, acceleration, 
and strain rate near each powerhouse unit and spillbay have been 
provided to NWW electronically. 

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Background 

McNary Dam is located at River Mile 292.0 of the Columbia River and has 
been in service since 1957. The normal operating pool is el 335.0-340.0 with 
a maximum pool elevation of 356.5. McNary Dam has fourteen 70-MW 
powerhouse units. The 1310-ft spillway is comprised of twenty-two 
spillbays. Temporary spillway weirs (TSWs) are commonly used to help fish 
safely navigate the dam. Figure 1 shows a plan view of the tailrace and the 
dam and powerhouse. Each spillbay is labeled “S,” and each powerhouse 
unit is labeled “PH.” 

 
Figure 1. Plan view of McNary Dam Forebay showing the spillbays and powerhouse units. 

This study focuses on the hydraulic differences near the structure caused by 
altering the powerhouse operation schedule. The powerhouse and spillway 
significantly alter the flow behavior immediately upstream of the structure. 
The operating powerhouse units draw flow toward the river bed and into the 
intakes. The open spillway bays draw flow toward the water surface. These 
stimuli create complex 3-D flow patterns that can be captured with 3-D 
numerical models. Extensive modeling efforts have been made to ensure 
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that new powerhouse and spillway operations do not negatively impact the 
passage behavior of fish causing migration delays. The U. S. Army Corps of 
Engineers, Walla Walla District (NWW), requested the modeling of fifteen 
operations to determine the hydraulic effects near the structure. The fifteen 
operations encompass flow conditions experienced throughout a typical 
spring and summer. Additionally, these flow solutions were to be used in 
support of a numerical fish behavior modeling study to be performed by 
U.S. Army Engineer Research and Development Center, Environmental 
Laboratory (ERDC-EL).  
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2 Geometry 

NWW provided a 3-D CAD model that included the bathymetry, the 
structure, and the water-surface profile. Model testing performed by 
NWW revealed that changes to powerhouse operation and spillbay gate 
openings affect the flows within about 3700 ft upstream of the structure. 
Therefore, the upstream boundary of the flow domain was placed 5000 ft 
upstream of the structure to allow an appropriate flow distribution to 
develop before interacting with project operations near the dam. The flows 
in the relatively shallow regions (less than 10 ft deep) – near the banks of 
the river – were insignificant to the focus of this study, so they were 
excluded from the flow domain. The surface geometry without the water 
surface is shown in Figure 2. The bathymetry is shown in yellow, the 
structure is shown in gray, and the inflow boundary is shown in green. 

The powerhouse units are number left to right looking downstream 
(Figure 1). Each powerhouse unit is composed of three inlets. A section of 
the powerhouse showing five of the units is shown in Figure 3. 

 
Figure 2. McNary Surface Geometry 
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Figure 3. Powerhouse intake surface geometry. 

Each powerhouse unit intake inlet is 20 ft long by 40 ft tall. The inlets are 
7 ft apart. A cross-section of a powerhouse unit is shown in Figure 4. 
Looking downstream, each powerhouse unit inlet is labeled left to right as 
Inlets A, B, and C. 

 
Figure 4. Powerhouse unit intake inlet description. 
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The powerhouse intakes (shown in red in Figure 5) were extended 200 ft 
downstream of the roof curve to ensure that flow exiting the powerhouse 
was normal to the boundary. The spillway bays are numbered right to left 
looking downstream (Figure 1). Each spillbay is 50 ft wide, and a 10-ft pier 
separates each one. The spillbay gate openings specified for each flow 
operation are listed in each Input Summary section. A section of the flow 
domain with both open and closed spillbays is shown in Figure 6. The red 
surfaces indicate the spillbay gate opening. 

Spring operations included temporary spillbay weirs (TSWs) on two gates 
with a water-surface drawdown induced by the TSWs incorporated into 
the geometry. The drawdown water-surface profile for the 338.5 pool 
elevation was not provided, so a profile was determined by interpolating 
physical model profiles for forebay elevations of 337.0 and 340.0 provided 
by NWW. The lateral water-surface drawdown was assumed to extend 
over one spillbay width on each side of the TSW. The modified water-
surface profile accounting for the TSW drawdown is shown in Figure 7. 
The water-surface profile at the TSW is shown in Figure 8. Summer 
operation used a fixed water surface at el 338.5 and did not include TSWs.  

 
Figure 5. Surface geometry – powerhouse unit intake expansion. 
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Figure 6. Surface geometry – open and closed spillbays. 

 
Figure 7. Water-surface drawdown due to TSWs used for operations 9-15. 
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Figure 8. Water-surface profile at a TSW. 
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3 Computational Meshing 

The focus of the hydrodynamic modeling is the behavior of the flow near 
the structure, so the mesh resolution was higher in those areas. Cells 
within 100 ft of the face of the dam have approximate side lengths of 3 ft. 
Further from the structure the cell size was increased to 23 ft nominal side 
lengths. Within the powerhouse intakes, the mesh cell sides were about 
7 ft long. The spillbay gate openings were much smaller relative to the 
other lengths in the flow domain. Therefore, the smallest cells – with 
nominal side lengths of 0.5 ft – are found on the outflow boundaries of 
each spillbay. The mesh resolution at various locations within the mesh is 
shown in Figures 9-16. 

The meshes for each proposed operation have between 1.2 and 1.3 million 
nodes and between 6.2 and 6.6 million volume cells. Table 1 shows the 
number of nodes and cells in each mesh. 

 
Figure 9. Mesh resolution in the forebay near the dam. 
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Figure 10. Spillway mesh resolution. 

 
Figure 11. Mesh detail for an open spillway. 
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Figure 12. Mesh detail of the water-surface drawdown induced by the TSWs. 

 
Figure 13. Mesh detail of flow over the TSW. 
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Figure 14. Mesh resolution detail at powerhouse unit intake extensions. 

 
Figure 15. Surface mesh detail of powerhouse intakes and piers. 
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Figure 16. Surface mesh detail of open and closed spillbays. 

Table 1. Mesh summary. 

Operation(s) Number of Nodes Number of Cells 

1, 2 1,214,234 6,210,574 

3, 4 1,238,758 6,311,541 

5, 6 1,249,932 6,371,751 

7, 8 1,259,065 6,416,454 

9, 10 1,249,377 6,389,903 

11, 12 1,270,669 6,478,938 

13, 14 1,285,686 6,545,118 

15 1,295,958 6,599,595 
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4 Numerical Model Governing Equations 

The flow through the McNary Dam forebay was simulated using the 
computational flow solver Fluent. The particular module chosen for all 
simulations used the Reynolds-Averaged Navier-Stokes (RANS) equations. 
The RANS equations are developed by decomposing each variable in the 
Navier-Stokes equation into mean and fluctuating portions. For example, 
the decomposition for the velocity ui is: 

 '
i i iu u u= +  

where: 

  = the mean velocity 
  = the fluctuating velocity 
  = index indicating coordinate direction (1, 2, 3) 

The RANS equations can then be written as: 

 ( ) ( )i i
i

ρu ρu
t x
¶ ¶

+ =
¶ ¶

0  

and 

 ( ) ( ) ( )' '

     

ji k
i i j ij i j

i i j j i k j

uu up
ρu ρu u μ δ ρu u

t x x x x x x x

¶¶ ¶¶ ¶ ¶ ¶ ¶
+ =- + + - + -

¶ ¶ ¶ ¶ ¶ ¶ ¶ ¶

é ùæ ö÷çê ú÷ç ÷çê ú÷÷çè øê úë û

2

3
 

where: 

  = fluid density 
   = pressure 
 	 = fluid viscosity 
  = Kronecker’s delta 

The turbulent effects of the flow, included in the Reynolds stress  , 

were modeled with the standard k-ω turbulence closure model. In this 
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model the turbulent kinetic energy k and the specific dissipation rate ω are 
determined using the following transport equations: 

 ( ) ( ) Γi k k k k
i j j

k
ρk ρku G Y S

t x x x

æ ö¶ ¶ ¶ ¶ ÷ç ÷ç+ = + - +÷ç ÷÷ç¶ ¶ ¶ ¶è ø
 

and 

 ( ) ( ) Γi ω ω ω ω
i j j

ω
ρω ρωu G Y S

t x x x

æ ö¶ ¶ ¶ ¶ ÷ç ÷ç+ = + - +÷ç ÷÷ç¶ ¶ ¶ ¶è ø
 

where: 

 Gk  = generation of turbulent kinetic energy due to mean velocity 
gradients  

 Gω = generation of specific dissipation rate 
 Γk = effective diffusivity of the turbulent kinetic energy 
 Γω = effective diffusivity of specific dissipation rate 
 Yk = dissipation of the turbulent kinetic energy due to turbulence 
 Yω = dissipation of the specific dissipation rate due to turbulence 
 Sk = source term 
 Sω = source term 

Further details of the formulation of the k-ω turbulence model used in 
Fluent, including how all terms associated with the turbulent kinetic 
energy and the specific dissipation are calculated, can be found in the 
Fluent Theory Guide (2010). 
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5 Input Summary – Operations 1 and 2 

Operations 1 and 2 used a river discharge of 300.13 kcfs. Spillbays 4, 6, 8, 
9, 10, 12, 13, 14, and 19 were closed. The gate opening and discharge for 
each spillbay are listed in Table 2. 

Table 2. Operations 1 and 2 gate openings and 
discharges. 

Spillbay Gate Opening (ft) Discharge (kcfs) 

1 2.0 3.90 

2 2.0 3.90 

3 2.0 3.90 

4 0.0 0.00 

5 1.0 2.01 

6 0.0 0.00 

7 1.0 2.01 

8 0.0 0.00 

9 0.0 0.00 

10 0.0 0.00 

11 1.0 2.01 

12 0.0 0.00 

13 0.0 0.00 

14 0.0 0.00 

15 1.0 2.01 

16 1.0 2.01 

17 2.0 3.90 

18 5.0 8.80 

19 0.0 0.00 

20 5.0 8.80 

21 2.0 3.90 

22 1.0 2.01 

Powerhouse Units 5-12 were turned off in Operation 1, but in Operation 2 
Units 2-10 were turned off. The powerhouse discharges for Operations 1 
and 2 are listed in Table 3.  
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Table 3. Operations 1 and 2 powerhouse discharges. 

Powerhouse Unit Discharge (kcfs) - Operation 1 Discharge (kcfs) - Operation 2 

1 8.33 8.53 

2 8.33 0.00 

3 8.33 0.00 

4 8.33 0.00 

5 0.00 0.00 

6 0.00 0.00 

7 0.00 0.00 

8 0.00 0.00 

9 0.00 0.00 

10 0.00 0.00 

11 0.00 8.53 

12 0.00 8.53 

13 8.33 12.20 

14 8.33 12.20 
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6 Input Summary – Operations 3 and 4 

Operations 3 and 4 used a river discharge of 149.22 kcfs. Spillbay gate 19 
was closed. The gate opening and discharge for each spillbay are listed in 
Table 4. 

Table 4. Operations 3 and 4 spillbay gate openings 
and discharges. 

Spillbay Gate Opening (ft) Discharge (kcfs) 

1 2.5 4.75 

2 2.0 3.90 

3 3.0 5.57 

4 1.0 2.01 

5 1.0 2.01 

6 1.0 2.01 

7 2.0 3.90 

8 1.0 2.01 

9 1.0 2.01 

10 1.0 2.01 

11 2.0 3.90 

12 1.0 2.01 

13 1.0 2.01 

14 1.0 2.01 

15 1.0 2.01 

16 1.0 2.01 

17 2.5 4.75 

18 5.0 8.80 

19 0.0 0.00 

20 5.0 8.80 

21 2.0 3.90 

22 2.0 3.90 
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Powerhouse Units 5-9 were off in Operation 3. Units 2-8 were off in 
Operation 4. The powerhouse discharges for Operations 3 and 4 are listed 
in Table 5. 

Table 5. Operations 3 and 4 powerhouse discharges. 

Powerhouse Unit Discharge (kcfs) - Operation 3 Discharge (kcfs) - Operation 4 

1 8.33 8.73 

2 8.33 0.00 

3 8.33 0.00 

4 8.33 0.00 

5 0.00 0.00 

6 0.00 0.00 

7 0.00 0.00 

8 0.00 0.00 

9 0.00 8.73 

10 8.33 8.73 

11 8.33 12.20 

12 8.33 12.20 

13 8.33 12.20 

14 8.33 12.20 
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7 Input Summary – Operations 5 and 6 

Operations 5 and 6 used a river discharge of 199.86 kcfs. All spillbays were 
open. The gate opening and discharge for each spillbay are listed in Table 6. 

Table 6. Operations 5 and 6 spillbay gate openings 
and discharges. 

Spillbay Gate Opening (ft) Discharge (kcfs) 

1 2.5 4.75 

2 2.0 3.90 

3 3.0 5.57 

4 1.0 2.01 

5 2.0 3.90 

6 2.0 3.90 

7 2.0 3.90 

8 1.0 2.01 

9 2.0 3.90 

10 2.0 3.90 

11 2.0 3.90 

12 2.0 3.90 

13 2.0 3.90 

14 1.0 2.01 

15 2.0 3.90 

16 2.0 3.90 

17 2.5 4.75 

18 5.0 8.80 

19 5.0 8.80 

20 5.0 8.80 

21 2.5 4.75 

22 2.5 4.75 

For Operation 5 Powerhouse Units 5 and 6 were off. In Operation 6 Units 
2-6 were off. The powerhouse discharges for Operations 5 and 6 are listed 
in Table 7. 
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Table 7. Operations 5 and 6 powerhouse discharges. 

Powerhouse Unit Discharge (kcfs) - Operation 5 Discharge (kcfs) - Operation 6 

1 8.33 8.93 

2 8.33 0.00 

3 8.33 0.00 

4 8.33 0.00 

5 0.00 0.00 

6 0.00 0.00 

7 8.33 8.93 

8 8.33 8.93 

9 8.33 12.20 

10 8.33 12.20 

11 8.33 12.20 

12 8.33 12.20 

13 8.33 12.20 

14 8.33 12.20 
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8 Input Summary – Operations 7 and 8 

Operations 7 and 8 had a river discharge of 251.70 kcfs. All spillbays were 
open. The gate opening and discharge for each spillbay is listed in Table 8. 

Table 8. Operations 7 and 8 spillbay gate openings 
and discharges. 

Spillbay Gate Opening (ft) Discharge (kcfs) 

1 2.5 4.75 

2 2.5 4.75 

3 4.0 7.20 

4 2.5 4.75 

5 3.0 5.57 

6 2.5 4.75 

7 3.0 5.57 

8 2.5 4.75 

9 3.0 5.57 

10 2.5 4.75 

11 3.0 5.57 

12 2.5 4.75 

13 3.0 5.57 

14 2.5 4.75 

15 2.5 4.75 

16 2.5 4.75 

17 3.5 6.40 

18 5.0 8.80 

19 5.0 8.80 

20 5.0 8.80 

21 3.0 5.57 

22 2.5 4.75 

All powerhouse units were on for Operation 7, but in Operation 8 Units 2, 
3, and 4 were off. The powerhouse discharges for Operations 7 and 8 are 
listed in Table 9. 
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Table 9. Operations 7 and 8 powerhouse discharges. 

Powerhouse Unit Discharge (kcfs) - Operation 7 Discharge (kcfs) - Operation 8 

1 9.00 8.10 

2 9.00 0.00 

3 9.00 0.00 

4 9.00 0.00 

5 9.00 8.10 

6 9.00 12.20 

7 9.00 12.20 

8 9.00 12.20 

9 9.00 12.20 

10 9.00 12.20 

11 9.00 12.20 

12 9.00 12.20 

13 9.00 12.20 

14 9.00 12.20 
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9 Input Summary – Operations 9 and 10 

Operations 9 and 10 used a river discharge of 150.87 kcfs. Spillbays 1-8 and 
12 were closed. Temporary spillway weirs were employed on Spillbays 19 
and 20. The gate opening and discharge for each spillbay are listed in 
Table 10. 

Table 10. Operations 9 and 10 spillbay gate openings 
and discharges. 

Spillbay Gate Opening (ft) Discharge (kcfs) 

1 0.0 0.00 

2 0.0 0.00 

3 0.0 0.00 

4 0.0 0.00 

5 0.0 0.00 

6 0.0 0.00 

7 0.0 0.00 

8 0.0 0.00 

9 2.0 3.90 

10 2.0 3.90 

11 2.0 3.90 

12 0.0 0.00 

13 2.0 3.90 

14 2.0 3.90 

15 2.0 3.90 

16 2.0 3.90 

17 2.0 3.90 

18 2.0 3.90 

19 TSW 9.01 

20 TSW 9.01 

21 2.0 3.90 

22 2.0 3.90 
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Powerhouse Units 5-7 were off for Operation 9. Powerhouse Units 2-7 
were off in Operation 10. The powerhouse discharges for Operations 9 and 
10 are listed in Table 11. 

Table 11. Operations 9 and 10 powerhouse discharges. 

Powerhouse Unit Discharge (kcfs) - Operation 9 Discharge (kcfs) - Operation 10 

1 8.18 8.4 

2 8.18 0.0 

3 8.18 0.0 

4 8.18 0.0 

5 0.00 0.0 

6 0.00 0.0 

7 0.00 0.0 

8 8.18 8.4 

9 8.18 12.2 

10 8.18 12.2 

11 8.18 12.2 

12 8.18 12.2 

13 8.18 12.2 

14 8.18 12.2 
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10 Input Summary – Operations 11 and 12 

Operations 11 and 12 used a river discharge of 200.05 kcfs. Spillbays 4, 8, 
and 12 were closed, and Spillbays 19 and 20 employed temporary spillway 
weirs. The gate opening and discharge for each spillbay are listed in 
Table 12. 

Table 12. Operatiions 11 and 12 spillbay gate 
openings and discharges. 

Spillbay Gate Opening (ft) Discharge (kcfs) 

1 2.5 4.75 

2 2.0 3.90 

3 3.5 6.40 

4 0.0 0.00 

5 2.0 3.90 

6 1.0 2.01 

7 2.0 3.90 

8 0.0 0.00 

9 2.0 3.90 

10 1.0 2.01 

11 2.0 3.90 

12 0.0 0.00 

13 2.0 3.90 

14 1.0 2.01 

15 2.0 3.90 

16 1.0 2.01 

17 2.0 3.90 

18 2.0 3.90 

19 TSW 9.01 

20 TSW 9.01 

21 2.0 3.90 

22 2.0 3.90 
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All powerhouse units were turned on in Operation 11. Units 2, 3, and 4 
were off in Operation 12. The powerhouse discharges for both operations 
are listed in Table 13. 

Table 13. Operations 11 and 12 powerhouse discharges 

Powerhouse Unit Discharge (kcfs) - Operation 11 Discharge (kcfs) - Operation 12 

1 8.57 8.65 

2 8.57 0.00 

3 8.57 0.00 

4 8.57 0.00 

5 8.57 8.65 

6 8.57 8.65 

7 8.57 8.65 

8 8.57 12.20 

9 8.57 12.20 

10 8.57 12.20 

11 8.57 12.20 

12 8.57 12.20 

13 8.57 12.20 

14 8.57 12.20 
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11 Input Summary – Operations 13 and 14 

A river discharge of 249.13 kcfs was used for Operations 13 and 14. All 
spillbays were open except Spillbays 19 and 20, which had temporary 
spillway weirs. The gate opening and discharge for each spillbay is listed in 
Table 14. 

Table 14. Operations 13 and 14 spillbay gate 
openings and discharges. 

Spillbay Gate Opening (ft) Discharge (kcfs) 

1 2.5 4.75 

2 2.0 3.90 

3 3.5 6.40 

4 1.0 2.01 

5 2.0 3.90 

6 2.0 3.90 

7 2.0 3.90 

8 2.0 3.90 

9 2.0 3.90 

10 2.0 3.90 

11 2.0 3.90 

12 2.0 3.90 

13 2.0 3.90 

14 2.0 3.90 

15 2.0 3.90 

16 2.0 3.90 

17 2.0 3.90 

18 2.0 3.90 

19 TSW 9.01 

20 TSW 9.01 

21 2.5 4.75 

22 2.5 4.75 
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All powerhouse units were on in Operation 13. Powerhouse Unit 2 was off 
in Operation 14. The powerhouse discharges for Operations 13 and 14 are 
listed in Table 15. 

Table 15. Operations 13 and 14 powerhouse discharges 

Powerhouse Unit Discharge (kcfs) - Operation 13 Discharge (kcfs) - Operation 14 

1 10.71 9.33 

2 10.71 0.00 

3 10.71 9.33 

4 10.71 9.33 

5 10.71 12.20 

6 10.71 12.20 

7 10.71 12.20 

8 10.71 12.20 

9 10.71 12.20 

10 10.71 12.20 

11 10.71 12.20 

12 10.71 12.20 

13 10.71 12.20 

14 10.71 12.20 
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12 Input Summary – Operation 15 

Operation 15 used a river discharge of 149.22 kcfs. All spillbays were open, 
except Spillbays 19 and 20, which had temporary spillway weirs. The gate 
opening and discharge for each spillbay is listed in Table 16. 

Table 16. Operations 15 spillbay gate openings and 
discharges. 

Spillbay Gate Opening (ft) Discharge (kcfs) 

1 2.5 4.75 

2 2.5 4.75 

3 5.0 8.80 

4 3.0 5.57 

5 3.0 5.57 

6 3.0 5.57 

7 3.0 5.57 

8 3.0 5.57 

9 3.0 5.57 

10 3.0 5.57 

11 3.0 5.57 

12 3.0 5.57 

13 3.0 5.57 

14 2.5 4.75 

15 3.0 5.57 

16 3.0 5.57 

17 3.0 5.57 

18 3.0 5.57 

19 TSW 9.01 

20 TSW 9.01 

21 3.0 5.57 

22 2.5 4.75 

All powerhouse units were on for Operation 15. The discharges for each 
powerhouse unit are listed in Table 17. 
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Table 17. Operation 15 powerhouse discharges. 

Powerhouse Unit Discharge (kcfs) - Operation 15 

1 12.20 

2 12.20 

3 12.20 

4 12.20 

5 12.20 

6 12.20 

7 12.20 

8 12.20 

9 12.20 

10 12.20 

11 12.20 

12 12.20 

13 12.20 

14 12.20 
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13 Boundary Conditions 

Each flow operation was modeled with a fixed-lid water surface under 
steady-state conditions using the known water surface profile as the vertical 
limit of the flow domain. The bathymetry and structure were assigned a no-
slip condition, so the velocity at each of these boundaries is zero. The sides 
of the flow domain, which trimmed the shallow regions of the river, were 
assigned a slip condition, so the shear stress at each of these boundaries is 
zero. The water surface was also treated as a slip boundary.  

All discharges for the model were provided by NWW. The model discharge 
was specified as a constant inflow velocity across the upstream boundary, 
5000 ft upstream of dam. The flux was specified at each outflow boundary 
(spillbays and powerhouse unit) as a ratio of the river discharge. Physical 
model studies have shown that the distribution of flow into a powerhouse 
unit is not uniform. Therefore, the flow through each powerhouse unit was 
divided among the three intakes using the following ratios: 0.361 for Inlet 
A, 0.350 for Inlet B, and 0.289 for Inlet C. These ratios were suggested by 
Davidson (2011) and have commonly been used on model studies of U.S. 
Corps of Engineers projects on the Columbia-Snake River System. The 
actual discharge values used in each simulation are included in the Input 
Summary sections. 
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14 Simulations 

Each flow operation was modeled with the steady-state flow model in 
Ansys Fluent. The standard k-ω turbulence model with the default Fluent 
parameters was used for all simulations. The flow solver options used for 
each operation are given in Table 18. 

Table 18. Simulation parameters. 

Parameter Choice 

Pressure-Velocity Coupling Coupled 

Spatial Discretization – Gradient Green-Gauss Node Based 

Spatial Discretization – Pressure Body-Force Weighted 

Spatial Discretization – Momentum Second Order Upwind 

Spatial Discretization – Turbulent Kinetic Energy Second Order Upwind 

Spatial Discretization – Turbulent Dissipation Rate First Order Upwind 
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15 Results 

Contour plots were generated for each operation to illustrate the flows near 
the structure. The flow quantities of interest – the velocity magnitude, the 
acceleration magnitude, and the strain rate – were generated from the 
original Fluent solution files. The velocity magnitude is defined as: 

   V u v w= + +2 2 2  

where: 

 u = x-component of the velocity 
 v = y-component of the velocity 
 w = z-component of velocity 

The acceleration magnitude is defined as: 

 x y za a a a= + +2 2 2  

where ax, ay, and az are the acceleration components. For steady flow these 
components are defined as: 

 x

u u u
a u v w

x y z
¶ ¶ ¶

= + +
¶ ¶ ¶

 

 y

v v v
a u v w

x y z
¶ ¶ ¶

= + +
¶ ¶ ¶

 

 z

w w w
a u v w

x y z
¶ ¶ ¶

= + +
¶ ¶ ¶

 

The strain rate is defined as: 

 
u u u v v v w w w
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x y z x y z x y z
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Plan view contour plots, at 5-ft increments of depth and extending about 
1000 ft upstream of the structure, were generated for each operation. 
Elevation view contour plots of the areas near each powerhouse unit and 
spillbay were also provided for each operation to show the vertical variation 
in the flow variables of interest. These views are along the centerline of each 
powerhouse unit and spillbay and extend about 85 ft upstream of the face of 
the powerhouse intakes. Figures showing streamlines initiated at the inflow 
boundary were created to show the three-dimensional aspects of the flow. 
In these plots, the streamlines are colored by velocity magnitude. An overall 
view of the streamlines was created in addition to views showing more 
closely the streamlines near the powerhouse and spillway. One hundred 
thirty-one figures were generated for each flow operation and sent to NWW 
electronically. Examples of each type of figure produced during this study 
are shown in Figures 17-32. 

 
Figure 17. Elevation view plot example – velocity magnitudes at a 

powerhouse. 
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Figure 18. Elevation view plot example - acceleration magnitudes at a 

powerhouse. 

 
Figure 19. Elevation view plot example – strain rates at a powerhouse. 
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Figure 20. Elevation view plot example – velocity magnitudes at a spillbay. 

 
Figure 21. Elevation view plot example – acceleration magnitudes at a 

spillbay. 
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Figure 22. Elevation view plot example – strain rates at a spillbay. 

 
Figure 23. Elevation view plot example – velocity magnitudes at a spillbay 

with a TSW. 
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Figure 24. Elevation view plot example – acceleration magnitudes at a 

spillbay with a TSW. 

 
Figure 25. Elevation view plot example – strain rate at a spillbay with a TSW. 
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Figure 26. Plan view plot example – velocity magnitudes near the 

powerhouses. 

 
Figure 27. Plan view plot example – acceleration magnitudes near the 

powerhouses. 
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Figure 28. Plan view plot example – velocity magnitudes near the spillbays. 

 
Figure 29. Plan view plot example – acceleration magnitudes near the 

spillbays. 
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Figure 30. Streamlines in the forebay. 

 
Figure 31. Streamlines near the powerhouse. 
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Figure 32. Streamlines near the spillway. 
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16 Files Supplied to NWW 

The mesh and flow solution files for each operation were provided to 
NWW. The naming convention and description of these files are listed in 
Table 19.  

Table 19. File naming conventions and descriptions – mesh and flow solution. 

File Naming Convention1 File Description 

mfc*.msh Mesh file including the nodes, cell, and boundary condition 
types 

mfc*_500.cas Fluent simulation setup file containing the boundary 
conditions, operating conditions, fluid properties, turbulence 
model, and solver parameters used in the simulation 

mfc*_500.dat Fluent simulation data file including all variables calculated 
during the simulation  

mfc*_raw_solution.plt Binary Tecplot data file containing the flow variables used 
during post-processing written directly from the Fluent output 
files (.cas and .dat) 

mfc*_processed_solution.lay Tecplot layout file used to generate all the elevation and plan 
view figures of the flow solution 

mfc*_processed_solution.plt Binary Tecplot data file containing all flow variables (in both 
SI and English units) used to generate the elevation and plan 
view figures of the flow solution 

The files associated with the figures described in the Results section were 
also provided to NWW electronically. The naming convention and 
description of these files are listed in Table 20. 

Each picture file (.jpg) has a corresponding Tecplot style file (.sty) that was 
used with the Tecplot macros to generate each figure. 

                                                                 

1 * - the configuration number (1-15) 
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Table 20. File naming conventions and descriptions – figures and Tecplot macros. 

Naming Convention1,2 Description 

mfc* %-ft Depth Near Powerhouse  
Velocity Magnitudes.jpg 

The velocity magnitude contours in the area 
immediately upstream of the powerhouses 

mfc*%-ft Depth Near Powerhouse  
Acceleration Magnitudes. jpg 

The acceleration magnitude contours in the area 
immediately upstream of the powerhouse intakes 

mfc* %-ft Depth Near Spillway  
Velocity Magnitudes.sty 

The velocity magnitude contours in the area 
immediately upstream of the spillway 

mfc*%-ft Depth Near Spillway 
 Acceleration Magnitudes.sty 

The acceleration magnitude contours in the area 
immediately upstream of the spillway 

mfc* Powerhouse # Velocity  
Magnitudes. jpg 

The velocity magnitude contours in the area 
immediately upstream of a particular powerhouse 
unit intake 

mfc* Powerhouse # Acceleration  
Magnitudes. jpg 

The acceleration magnitude contours in the area 
immediately upstream of a particular powerhouse 
intake 

mfc* Powerhouse # Strain Rates. jpg The strain rate contours in the area immediately 
upstream of a particular powerhouse unit intake 

mfc* Spillbay # Velocity  
Magnitudes. jpg 

The velocity magnitude contours in the area 
immediately upstream of a particular spillbay 

mfc* Spillbay # Acceleration  
Magnitudes. jpg 

The acceleration magnitude contours in the area 
immediately upstream of a particular spillbay 

mfc* Spillbay # Strain Rates. jpg The strain rate magnitude contours in the area 
immediately upstream of a particular spillbay 

mfc*_import_fluent_save_plt.mcr Tecplot macro that imports the Fluent .cas and .dat 
files from a completed simulation and writes the 
required flow variables (node coordinates, pressure, 
velocity components, velocity gradient components, 
and turbulent kinetic energy) for post-processing to a 
binary Tecplot data file (.plt) 

mfc*_equations_slices.mcr Tecplot macro that calculates the velocity magnitude, 
acceleration magnitude, and velocity magnitude at 
each node in the flow field, and creates the slices 
used in each 2D flow figure 

mfc*_output_figures.mcr Tecplot macro that uses each Tecplot style (.sty) file 
to generate each 2D flow figure 

                                                                 
1 % - the depth (5, 10, 15, 20, or 25) 
2 # - the spillbay or powerhouse unit number (1-22 for spillbays and 1-14 for powerhouse units) 
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17 Fish Behavior Modeling File Formatting 

The Numerical Fish Surrogate (NFS) model will be used by ERDC-EL to 
model fish behavior. A utility (tec2telam) was developed to convert the 
flow solutions into a format appropriate for NFS. For each flow solution, a 
file containing certain flow information is required and is referred to as the 
“telam” file. The flow information required by the NFS model for each 
node in the flow field is pressure, velocity components, turbulent kinetic 
energy, strain rate, and the node number. Tec2telam uses the flow solution 
and the coordinates of the flux, no flux, and water surface nodes to assign 
the appropriate Node BC value for proper fish behavior modeling. A 
definition of Node BC is included in the ELAM manual (Goodwin 2010). 
All files associated with tec2elam are listed Table 21. 

Table 21. File naming conventions and descriptions – fish behavior modeling. 

File Naming Convention1 File Description 

mfc*_domain.dat Tecplot data file containing all flow variables required for fish 
behavior modeling for every node in the flow domain 

mfc*_wsurf.dat Tecplot data file containing the coordinates of the nodes that 
comprise the water surface of the flow domain 

mfc*_flux.dat Tecplot data file containing the coordinates of the nodes that lie on 
any flow domain flux boundary  

mfc*_no_flux.dat Tecplot data file containing the coordinates of the nodes that lie on 
any flow domain no flux boundary 

mfc*_nodebc_id.txt Text file containing the Node BC value assigned to each flux 
boundary in the flow domain 

mfc*_telam.plt Binary Tecplot file containing the variables used in the fish 
behavior modeling  

                                                                 
1 * - the configuration number (1-15)  
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